A method for preparative purification of corosolic acid and nigranoic acid from Schisandra chinensis (SC) was established using a combination of macroporous absorption resin column separation and high-speed counter-current chromatography (HSCCC). The crude extracts obtained from SC using 70% ethanol were separated on a macroporous resin column and then eluted with a graded ethanol series. The 70% ethanol fraction was used as the sample for separation of the two triterpenoids by HSCCC. The two-phase solvent system used for HSCCC separation was chloroform -n-butanolmethanol-water (10:0.5:7:4, v/v/v/v). The upper phase was used as the stationary phase of HSCCC. Corosolic acid (16.4 mg) of 96.3% purity and nigranoic acid (9.5 mg) of 98.9% purity were obtained in a one-step HSCCC separation from 100 mg of the sample. The structures of corosolic acid and nigranoic acid were identified by 1 Hnuclear magnetic resonance (NMR) and 13 C-NMR.
Introduction
Schisandra chinensis (Turcz.) Baill (SC, Wuweizi in Chinese) is a member of the Magnoliaceae family that is found in northeast Asia (1) . It is used in the treatment of various pathological conditions in China, Korea and Japan. The fruits and stems of SC are listed officially as a food and herbal medicine in the Chinese Pharmacopeia, and they have thus been widely added to functional foods and used to treat a variety of diseases (2) . Schisandra chinensis contains a variety of bioactive constituents, including triterpenoids, lignans, polysaccharides and sterols (3) . Triterpenoids are one of the major functional constituents in some plants of the Schizandra genus (4) . Several of the triterpenoids are considered "drug-like" natural compounds as they exhibit anti-inflammatory, anti-viral, anti-tumor, hepatoprotective, anti-fungal, anti-bacterial and antioxidant effects (5) (6) (7) (8) (9) (10) (11) (12) (13) . Additionally, these compounds possess therapeutic potential for immune system modulation through different mechanisms (14) . Isolation and purification of triterpenoids are generally achieved through a multi-step protocol based on repeated column chromatography, which is then often followed by a final purification on preparative thin layer chromatography (15) . However, the drawbacks of these methods are that they are expensive, time-consuming and unsuitable for large-scale isolation. In addition, separation by conventional support-based chromatography entails the problem of irreversible adsorption to the solid support.
High-speed counter-current chromatography (HSCCC) is a liquid -liquid partition chromatography technique developed by Ito and colleagues (16) . Compared with traditional separation methods, HSCCC offers various advantages such as low solvent consumption, high recovery and rapid separation. Furthermore, the unique feature of HSCCC is that it can be predictably scaled up from analytical to preparative scale. HSCCC has extensively been used in the separation and purification of natural products (17) (18) (19) . Examples of triterpenoid isolation include isolation of ursolic acid from apple peels (20) and isolation of five triterpene saponins from Gypsophila paniculata L. (21) . Based on these data, we suggest that triterpenoids may be isolated with high purity from SC via extraction and using HSCCC. In this study, HSCCC coupled with macroporous absorption resin separation was successfully used to separate two triterpenoids (corosolic acid and nigranoic acid, Figure 1 ) from SC. Under optimized HSCCC conditions, corosolic acid and nigranoic acid could be purified from the resin-purified crude sample of SC.
Experimental

Apparatus
The HSCCC instrument used in this study was a TBE-300B highspeed counter-current chromatograph (Tauto Biotechnique, Shanghai, China) with three PTFE (Polytetrafluoroethylene) multilayer coil separation column connected in a series (inner diameter of the tubing ¼ 1.8 mm, total volume ¼ 300 mL) and a 25-mL sample loop. The revolution radius was 5 cm, and the b of the multilayer coil varied from 0.6 at the internal terminal to 0.8 at the external terminal (b ¼ r/R, where r is the distance from the coil to the holder shaft, and R is the revolution radius or the distance between the holder axis and the central axis of the centrifuge). An HX 1050 constant-temperature circulating implement (Beijing Boyikang Lab Instrument, Beijing, China) was used to control the separation temperature. The system was also equipped with an S-1007 constant flow pump (Shenyitong Tech & Exploitation, Beijing, China) and a C-635 UV photometer (Buchi, Switzerland). The data were collected using the Model N2000 chromatography workstation (Zhejiang University, Hangzhou, China). The analytical high-performance liquid chromatography (HPLC) system used throughout this study consisted of a 1525 pump (Waters, Milford, MA, USA) and a 2487 detector (Waters), controlled by "Breeze" software. The Bruker AM-500 MHz (Bruker, Switzerland) spectrometer was used for nuclear magnetic resonance (NMR).
Reagents and materials
Organic solvents used for sample preparation and HSCCC separation were of analytical grade and were purchased from Shanghai Chemical Reagent Corporation (Shanghai, China). Acetonitrile used for HPLC analysis was of chromatographic grade (Merck, Germany). Water was purified in a NW-10VF Water Purification System (Heal Force, Shanghai, China). Macroporous adsorption resins D101, S-8, NKA-II, HPD-100 and AB-8 were purchased from Cangzhou Bon Adsorber Technology Co., Ltd (Cangzhou, China). Stems of SC were purchased from the College of Horticulture, Shenyang Agricultural University (Shenyang, China).
Preparation of Resin-purified Sample
Stems of SC were dried at a constant temperature of 608C and pulverized to 30-mesh with a disintegrator. The powder (1 kg) was extracted with 2500 mL of ethanol (70%) at 608C for 3 h. The extraction procedure was then repeated twice, and the extracts were combined together. After filtration with a ceramic filter, the filtrate was concentrated to remove ethanol in vacuum to give aqueous fluid. This fluid was then subjected to separation using a glass column (5 Â 100 cm) packed with 500 mL macroporous resin and eluted with 0%, 30% and 70% ethanol. The eluent of 70% ethanol was evaporated to dryness in vacuum, and 15 g of dried powder was obtained as a resin-purified sample. Then it was stored in a refrigerator (248C) for subsequent HSCCC separation.
Selection of macroporous resins
The macroporous resins D101, S-8, NKA-II, HPD-100 and AB-8 were used in the experiment. The preliminary choice of these resins was evaluated by their adsorption and desorption capacities, and the ratio of desorption. Two milliliters of pretreated resin were put into three air-tight Erlenmeyer flasks. A total of 150 mL of sample fluid was added to each flask. Then, these flasks were shaken at 120 rpm for 12 h at a constant temperature of 258C. After adsorption equilibrium was reached, the solutions were analyzed by an analytical HPLC system. Then the resin was desorbed with 150 mL of 90% ethanol in water. The flasks were shaken at 120 rpm for 12 h at a constant temperature of 258C. After desorption equilibrium was reached, the solutions were analyzed by an analytical HPLC system.
Selection of the Two-Phase Solvent System
The two-phase solvent system was selected according to the partition coefficient (K) value of each target component. The K values were determined by HPLC as follows: 2 mg of resinpurified sample was added to a test tube containing two-phase solvent that was pre-equilibrated with 5 mL of each phase. The test tube was then capped and shaken vigorously for 1 min to equilibrate the sample between the two phases thoroughly. An equal volume of each phase was transferred and evaporated separately, and its residue was dissolved in an equal volume of methanol and analyzed by HPLC. The partition coefficient (K) was expressed as the ratio of the peak area obtained from the upper phase to that of the lower phase.
Preparation of Two-Phase Solvent System and Sample Solution A chloroform-n-butanol -methanol-water solvent system with a volume ratio of 10:0.5:7:4 was used for HSCCC separation. The solvent mixture was equilibrated in a separatory funnel by vigorously shaking at room temperature. Then it was left overnight and the two phases were separated and degassed by sonication for 15 min prior to use. The sample solution was prepared by dissolving 100 mg of resin-purified sample into 5 mL of lower phases consisting of the mixture solvent.
HSCCC Separation Procedure HSCCC separation was performed as follows: the multilayer coil column was first filled with the upper phase as a stationary phase. The lower aqueous mobile phase was then pumped into the head end of the column inlet at a flow-rate of 2.0 mL min 21 , while the apparatus was rotated at 800 rpm. The sample solution was loaded via the injection valve after the system reached hydrodynamic equilibrium. The whole separation experiment was conducted at room temperature (258C). The effluent was continuously monitored by a ultraviolet (UV) detector at 210 nm and collected with a fraction collector set at 5 min for each tube. Fractions that contained triterpenoids, as identified by HPLC, were combined. 25 -30 min, 100% B. The flow rate was kept at 1.0 mL min 21 and UV detection was set at 210 nm. The injection volume was 20 mL. Identification of HSCCC peak fractions was carried out by 1 H-NMR and 13 C-NMR.
HPLC Analysis and Identification of HSCCC Peak Fractions
Results
Optimization of the HPLC method
In this work, an HPLC method for analysis of crude samples was established. Using this method, two triterpenoids were separated as corosolic acid and nigranoic acid through structural identification. In order to select an appropriate elution system for the HPLC separation of corosolic acid and nigranoic acid, different types of solvents were employed. When solvent A (water) and solvent B (acetonitrile) were used as the mobile phase in the gradient mode, corosolic acid and nigranoic acid could be well separated from the other components. Chromatograms are shown in Figures 2 and 3 .
Statistical analysis for macroporous resins selection
The results of adsorption and desorption determination for screening among five kinds of macroporous resins were shown in Table I . The data of macroporous resin selection were presented as mean + standard deviation (SD) of triplicates and evaluated by one-way analysis of variance (ANOVA) followed by the Duncan's multiple-range tests, and all statistical analyses were performed using SPSS for Windows, Version 13.0 (SPSS, Chicago, IL). The adsorption capacities of HPD-100 and AB-8 macroporous resins for sulforaphene were close, and both were significantly higher than those of the other kinds of macroporous resins. On the other hand, the desorption ratios of D101 and AB-8 macroporous resins were higher than those of the other kinds of macroporous resins. The adsorption capacity and the desorption ratio of AB-8 macroporous resin were both considerably higher than those of the other kinds of macroporous resins. Therefore, among the five macroporous resins investigated, AB-8 macroporous resin was the most suitable for resin-based column chromatography separation of triterpenoids from SC.
Concentration of triterpenoids by AB-8 macroporous resin
The crude sample extracted directly from SC contains various types of compounds, which can be seen from the HPLC chromatogram shown in Figure 2A . An AB-8 macroporous absorption resin that was packed into a column was selected to concentrate the corosolic acid and nigranoic acid before HSCCC separation because of the relatively low amount of the target and the interference from the impurities in the crude sample. The results given in Figure 2B showed that the impurities were removed effectively by using AB-8 macroporous resin after analysis of the elution of the target compounds by HPLC method.
Separation of triterpenoids by HSCCC
HSCCC was introduced in this study to purify each compound effectively. In the present study, 11 solvent systems were tested for the selection of ideal K value for corosolic acid and nigranoic acid (Table II) . A total of 16.4 mg of corosolic acid and 9.5 mg of nigranoic acid were separated from the above resin-purified sample (100 mg) by HSCCC under the optimum conditions in only one step. The purity of them was 96.3 and 98.9%, while the recovery was 90.6 and 91.7%, respectively. The HPLC chromatograms are shown in Figure 3A and B, and a typical HSCCC chromatogram is shown in Figure 4 . 
Structural Identification
Reproducibility of this method
The reproducibility of HSCCC separation was evaluated by measuring the RSDs of the amount of purified triterpenoids from six different batches of resin-purified sample. As shown in Table III , reasonable RSDs for batch-to-batch reproducibility (,5.5%) Figure 4 . HSCCC chromatograms of the sample from SC. Two-phase solvent system: chloroform-n-butanol-methanol -water (10:0.5:7:4, v/v); mobile phase: the lower phase; flow rate: 2.0 mL min 21 ; revolution speed: 800 rpm; detection wavelength: 210 nm; sample size: 100 mg of resin-purified sample dissolved in the mixture of 5 mL of the lower phase of the two-phase solvent system; separation temperature: 258C; retention of the stationary phase: 47%. Nigranoic acid (collected during 138-155 min); corosolic acid (collected during 224-240 min).
were obtained, which showed the preparation of corosolic acid and nigranoic acid were highly reproducible.
Discussion
A suitable two-phase solvent system is crucial for separation of the target compounds with the use of HSCCC. In the process of solvent selection, the partition coefficient (K) is the most important parameter because HSCCC is a liquid -liquid partition separation method (24, 25) . For simultaneous partition of two similar compounds by HSCCC, it is important to select a suitable two-phase solvent system that provides the ideal K value 0.5 -2 for each compounds and the ratio of the two K values to be 1.5 or higher (26) . Although a series of solvent systems such as ethyl acetate-n-butanol-water and n-hexane -methanol-water were considered as candidate for HSCCC analysis, the chloroformn-butanol -methanol -water was proved to be the optimal solvent for separation of corosolic acid and nigranoic acid from resin-purified sample according to the K values in this study. K values of both target compounds were high by using the system of ethyl acetate -n-butanol -water were found to show the best values (nigranoic acid, K 1 ¼ 1.62; corosolic acid, K 2 ¼ 1.04), but retention of the upper phase in it was too low to identify peak resolution. Among all the solvent systems, the chloroform-n-butanol -methanol -water system at a ratio of 10:0.5:7:4 was satisfactory and the K values of nigranoic acid and corosolic acid were 1.89 and 1.15, respectively.
Conclusion
In this work, preparative purification of corosolic acid and nigranoic acid from SC by HSCCC was studied. The results of our study clearly demonstrated that HSCCC could provide highly efficient preparative separation of corosolic acid and nigranoic acid from stems of SC. In combination with pre-separation of macroporous absorption resin column prior to HSCCC separation, corosolic acid and nigranoic acid with high purity were obtained, making them suitable for use in further chemical research and pharmacological studies.
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